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DE-COUPLING CAPACITORS PRODUCED 
BY UTILIZING DUMMY CONDUCTIVE 
STRUCTURES INTEGRATED CIRCUITS 

This application is a divisional of US. patent application 
Ser. No. 11/650,028 ?led Jan. 5, 2007, Whichis a divisional of 
US. patent application Ser. No. 10/952,259 ?led Sep. 27, 
2004, both of Which are expressly incorporated by reference 
herein in their entireties. 

FIELD OF THE INVENTION 

The present invention relates generally to integrated cir 
cuits (IC), and more particularly to the reduction of IC poWer 
noise generation through the utilization of dummy conductor 
con?gurations to increase the de-coupling capacitance Within 
the IC. 

BACKGROUND 

Capacitors are a class of passive electronic elements useful 
for reduction of unWanted noise, for coupling of AC signals, 
and for constructing timing and phase shift netWorks. They 
are relatively bulky devices that store energy in electrostatic 
?elds. The microscopic dimensions of today’s ICs preclude 
the fabrication of more than a feW hundred pico-farads of 
capacitance in an IC. Since conventional IC capacitor con 
struction techniques limit an IC to a feW hundred pico-farads, 
larger capacitors must reside off-chip (located on the associ 
ated printed circuit board). These off-chip capacitors are 
bulky and require signi?cant PCB board space as Well as 
additional material and processing costs. Also, due to their 
increased distance from the noise generating point Within the 
IC, these off-chip capacitors are not as effective in IC noise 
reduction as the internal capacitors. 

All of the capacitors used in ICs are of the sort called 
“parallel plate” capacitors, Which consist of tWo conductive 
plates called “electrodes” attached to either side of a slab of 
insulating material typically knoWn as dielectric. In the 
simple parallel-plate capacitor, the tWo electrodes are 
assumed to have the same dimensions and to reside directly 
opposite from one another. The value of the simple parallel 
plate capacitor can be computed using the folloWing approxi 
mate equation: 

Where C is the capacitance in pico-farads, A is the area of 
either electrode in square microns (um2), t is the thickness of 
the dielectric inAngstroms, and e, is a dimensionless constant 
called the “relative permittivity.” 

e, depends upon the nature of the dielectric and is some 
times called the “dielectric constant.” Consider a capacitor 
With a plate area of 0.1 mm2 constructed using a 200 A dry 
oxide ?lm. If the dielectric permittivity is 4, then the capaci 
tance Will be approximately 180 pico-farads. This example 
explains Why it is dif?cult to obtain internal capacitors of 
more than a feW hundred pico-farads. As the IC geometries 
delve into the sub-micron level, internal IC capacitance Will 
continue to decrease. Reducing the thickness of the dielectric 
increases the capacitance, but also increases the electric ?eld 
across the dielectric. If the electric ?eld increases beyond a 
certain point, a catastrophic short circuit of the capacitor is 
possible. 

Current ICs have tWo typical capacitor types, either MOS 
capacitors or poly-poly capacitors. MOS capacitors consist of 
a thin layer of groWn oxide formed on a silicon diffusion that 
serves as one of the electrodes. The other electrode consists of 
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2 
either metal or doped polysilicon. If the gate oxide is used to 
form a MOS capacitor, the resulting structure is called a “gate 
oxide capacitor”. 
MOS capacitors have a number of disadvantages. These 

MOS capacitors are designed into the IC to provide as much 
de-coupling capacitance as possible to minimiZe IC internal 
noise generation. It utiliZes unused areas Within the IC. HoW 
ever, these devices require a large amount of chip area (typi 
cally 10-15% of chip area) that could have been used for 
additional circuitry or for a higher density of IC devices per 
Wafer. Also, MOS devices have an inherently large device 
leakage current through the thinner gate oxide, especially for 
90-nanometer and smaller IC geometries. This leakage cur 
rent causes excessive poWer dissipation Within the IC in both 
static and dynamic states. Also, because of the thin gate oxide 
layer in MOS devices, these devices are more susceptible to 
electro-static discharge (ESD) anomalies. 

Poly-poly capacitors employ tWo polysilicon electrodes in 
combination With either an oxide or oxide-nitride-oxide 

(ONO) dielectric. Many CMOS and Bi-CMOS processes 
already incorporate multiple polysilicon layers, so poly-poly 
capacitors do not necessarily require any additional masking 
steps. Poly-poly capacitors normally reside over ?eld oxide. 
Oxide steps should not intersect the structure because they 
can cause surface irregularities in the loWer capacitor elec 
trode. 

Both the MOS capacitor and the poly-poly capacitor struc 
tures are considered thin-?lm capacitors. The microscopic 
dimensions of today’s integrated circuits preclude the fabri 
cation of more than a feW hundred pico-farads of capacitance 
in an IC using either the MOS or poly-ploy capacitors. 

Desirable in the art of IC design are additional circuits to 
reduce IC poWer system internal poWer noise generation by 
increasing the internal IC de-coupling capacitance betWeen 
the IC poWer and ground. 

SUMMARY 

In vieW of the foregoing, this invention provides a de 
coupling capacitor module using dummy conductive ele 
ments in an integrated circuit and the method for forming the 
same. The de-coupling module comprises at least one circuit 
module having one or more active nodes, and at least one 
dummy conductive element unconnected to any active node, 
and separated from a high voltage conductor or a loW voltage 
conductor by an insulation region to provide a de-coupling 
capacitance. 

Although the invention is illustrated and described herein 
as embodied in circuits and methods to reduce IC poWer noise 
generation through the incorporation of additional internal IC 
de-coupling capacitance, it is nevertheless not intended to be 
limited to the details shoWn, since various modi?cations and 
structural changes may be made therein Without departing 
from the spirit of the invention and Within the scope and range 
of equivalents of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 presents a conventional IC interleaved metal layer 
structure. 

FIG. 2 illustrates a dummy conductor structure that adds 
additional IC de-coupling capacitance in accordance With one 
embodiment of the present invention. 

FIG. 3 illustrates a dummy conductor structure that adds 
additional IC de-coupling capacitance in accordance With 
another embodiment of the present invention. 
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DESCRIPTION 

The present invention provides a de-coupling system to 
reduce IC internal power noise generation and static/ dynamic 
IR-drop. The de-coupling system adds internal IC de-cou 
pling capacitance betWeen a high voltage conductor, such as 
a poWer line, and a loW voltage conductor, such as a grounded 
line. The de-coupling system can be implemented by utiliZa 
tion of “line style” and “square style” dummy conductive 
elements in the same or different layers Within the IC. The 
incorporation of these tWo styles can be easily identi?able 
from the IC layout. 

FIG. 1 presents a conventional IC interleaved metal layer 
structure 100.A box 102 shoWs a lateral vieW of an IC With six 
metal layers (M1-M6) and an IC substrate layer. The ?rst 
metal layer M1 is a ground layer and is tied directly to the IC 
substrate by a contact 104. Both the substrate layer and the 
M1 layer are tied to ground, as represented by the label GND. 
In a typical interleaved layer structure, each subsequent ver 
tical metal layer (M1 through M6) alternates betWeen ground 
or VCC (as shoWn in the box 102) to take advantage of a 
plurality of intrinsic capacitances 106 generated betWeen the 
various metal layers. The GND layers (M1, M3 and M5) are 
tied to IC GND, While the VCC layers (M2, M4 and M6) are 
tied to VCC via connections betWeen layers. The intrinsic 
capacitances 106 in effect act as a system of parallel de 
coupling capacitances and are useful for internal poWer noise 
reduction. The intrinsic capacitances 106 add to the MOS and 
poly-poly capacitance that is already designed into the IC for 
de-coupling. The total capacitance, or the aggregate capaci 
tance of the intrinsic capacitances 106, varies, hoWever, by 
the extent of the metal on each layer as Well as by the physical 
distance betWeen the layers. 

FIG. 2 illustrates the neW “line style” dummy conductive 
element that adds additional de-coupling capacitance to an IC 
in accordance With one embodiment of the present invention. 
The draWing 200 represents a section of an IC utiliZing the 
“line style” dummy conductive elements for additional de 
coupling capacitance. Capacitance formed in this con?gura 
tion is called “Metal on Metal” (MoM) capacitance. Box 202 
shoWs the boundaries of this section of the IC With its various 
circuit modules 204, a high voltage conductor 206, such as a 
poWer line, a loW voltage conductor 208, such as a grounded 
line, and dummy conductor elements 210 and 212, such as 
metal lines and doped polysilicon lines. The high voltage 
conductor 206, loW voltage conductor 208, and the compo 
nents Within the circuit modules 204 are connected to at least 
one active node that interconnects them for a normal opera 
tion. 

The dummy conductive elements 210 and 212 are con 
nected to a voltage different from its neighboring high voltage 
conductor 206 or the loW voltage conductor 208, and are 
separated therefrom by an insulation region. For example, the 
de-coupling capacitance is formed by running the grounded 
dummy conductive elements 210 adjacent to the high voltage 
conductor 206, such as a Vcc poWer line, or running VCC 
connected dummy conductive elements 212 adjacent to the 
loW voltage conductor 208, such as a ground line. These 
dummy conductive elements 210 and 212 are not connected 
to any active node Within the IC circuit other than its connec 
tion to ground or VCC for the creation of the de-coupling 
capacitance, and they are appropriately named “dummy con 
ductive element.” For the purpose of this invention, the term 
“active node” refers to nodes in an active circuit module that 
are not connected to any poWer supply. These dummy con 
ductive elements can be routed throughout the layer next to 
VCC or GND lines Wherever an unused area exists. It can also 
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4 
be routed around circuit modules 204 if required. The de 
coupling capacitance 214 is formed by the parallel routing of 
the dummy conductive elements 210 close to the high voltage 
conductor 206. The maximum de-coupling capacitance 214 is 
created by routing the maximum parallel length betWeen 
these lines. The de-coupling capacitance 216 is also formed 
by the parallel routing of the VCC connected dummy con 
ductive elements 212 close to the loW voltage conductors 208. 
As before, the maximum de-coupling capacitance 216 is cre 
ated by routing the maximum parallel routing length betWeen 
these lines. Additional de-coupling capacitance 218 may be 
formed Where the grounded dummy conductive elements 210 
parallel other VCC connected dummy conductive elements 
212. The goal of adding de-coupling capacitance for IC poWer 
noise reduction is to create the maximum de-coupling capaci 
tance possible rather than a speci?c capacitance value. The 
capacitance generated can be optimiZed by the selection of 
the proper line Width, spacing betWeen lines, and length of the 
parallel routing. 
The “line style” dummy conductive structure has a number 

of advantages. For example, it has no leakage current to 
increase the IC poWer dissipation. It occupies only unused 
chip area Which Will not affect the product yield. Further, no 
circuit design changes are needed, and ?nally the layer layout 
may be changed to add the dummy lines using standard EDA 
tools. 

In addition to the “line style” dummy conductive struc 
tures, a “square style” dummy metal structure also helps to 
optimiZe the de-coupling capacitance by utiliZing large por 
tions of the unused chip area, as Will be explained beloW. 

FIG. 3 illustrates the “square style” dummy conductive 
structure that adds additional IC de-coupling capacitance in 
accordance With a second embodiment of the present inven 
tion. A section 300 of an IC is shoWn utiliZing the “square 
style” dummy conductive structure for additional de-cou 
pling capacitance. The box 302 shoWs one layer of this IC 
With its various circuit modules 304, a high voltage conductor 
306, such as VCC poWer line, a loW voltage conductor, such 
as ground line 308, grounded dummy conductive units (310, 
318 and 320) and VCC dummy conductive units (312 and 
316). The dummy conductive units are interconnected by 
lines 322 to form high or loW voltage strips, such as VCC or 
GND strips, that form intrinsic capacitors betWeen the units 
and the high voltage or loW voltage conductors, as Well as 
betWeen the units themselves. The advantage of this square 
dummy conductive structure is that all unused chip areas may 
be utiliZed to increase the de-coupling capacitance by stack 
ing the units as required to obtain inter-unit capacitance as 
Well as the capacitance to the high or loW voltage conductors. 
Note that a strip 320 of six dummy conductive units is not 
adjacent to either the high voltage conductor or the loW volt 
age conductor. In other Words, the strip 320 provides inter 
unit capacitance to the strips placed in a layer that is imme 
diately adjacent to, either above and/or beloW, the current 
layer. This provides additional de-coupling capacitance that 
Would otherWise be unused. Each of these strips of units are 
connected to other IC layers of either ground or VCC by 
interconnections 314 that translate from one layer to another 
providing interconnections of signals, VCC and GND. When 
inter-layer arrangements are made to form decoupling 
capacitance, a predetermined “location” system may be used 
to assure that the metal structures, either the metal lines or 
metal squares, stack up to have vertical overlaps. For 
example, a gradient or coordinate system canbe implemented 
to arrange the metal structures. 
The goal of adding de-coupling capacitance for IC poWer 

noise reduction is to create the maximum de-coupling capaci 
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tance possible rather than a speci?c capacitance value. The 
capacitance generated can be optimized by the selection of 
the proper unit Width, spacing betWeen units, length of the 
connected strips and the inter-unit capacitance. Note that 
While units are shaped in squares in FIG. 3, they may be other 
shapes, such as triangles, rectangles, polygons, circles, and 
ovals. 

This “square style” dummy metal structure has a number of 
advantages. For example, the structure has no leakage current 
to increase the IC poWer dissipation. It occupies only unused 
chip areas Which Will not affect the product yield, and covers 
a relatively large area to increase the capacitance. Further, no 
circuit design changes are needed, and ?nally, the layer layout 
may be changed to add the dummy square using standard 
EDA tools. 
When placing the dummy metal structures in a circuit for 

forming decoupling capacitors, one or more active nodes of 
an active circuit module are ?rst formed. For example, ele 
ments for active or functional circuit modules such as input/ 
output circuit modules are placed ?rst. The active circuit 
modules have one or more active nodes that need to be routed 
by conductive materials such as metal lines to make the mod 
ule functional. When the locations for these modules are 
identi?ed, one or more metal structures, Whether of the “line 
style” or “square style,” are placed in one or more unused 
areas. These metal structures are not connected to any active 
node of the active circuit module. The routing of the active 
nodes of the circuit module can happen before or simulta 
neously With the placement of the dummy metal structures. 
Depending on the design, the metal structures can be formed 
on the same layer as Well as different layers as described 
above. Since the dummy metal structures are used for de 
coupling purposes, one or more contacts are placed to connect 
one or more metal structures to either a poWer supply voltage 
level or a ground level. Since the de-coupling capacitors Will 
have an impact on the timing performance of the active circuit 
modules, initially adjusting a timing con?guration of the 
active circuit module is necessary before the de-coupling 
capacitors are formed. Once all the decoupling capacitors are 
formed by the dummy metal structures, re-adjusting timing 
con?guration of the active circuit module is necessary. 

In addition to various functional advantages that the de 
coupling capacitors made of dummy conductive structures or 
elements can provide, it is understood that dummy metals are 
placed in the circuit in a conventional process for simply 
occupying the unused areas. The present invention turns a 
Wasted resource into use Without adding much processing 
overhead, thus providing a very economical solution for 
reducing internal poWer noise and solving IR issues. 

The above invention provides many different embodiments 
or examples for implementing different features of the inven 
tion. Speci?c examples of components and processes are 
described to help clarify the invention. These are, of course, 
merely examples and are not intended to limit the invention 
from that described in the claims. 

Although illustrative embodiments of the invention have 
been shoWn and described, other modi?cations, changes, and 
substitutions are intended in the foregoing invention. Accord 
ingly, it is appropriate that the appended claims be construed 
broadly and in a manner consistent With the scope of the 
invention, as set forth in the folloWing claims. 

What is claimed is: 
1. A de-coupling capacitor module in an integrated circuit 

comprising: 
a plurality of circuit modules having one or more active 

nodes; 
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6 
a plurality of dummy conductive elements unconnected to 

any active node; 
a high voltage conductor betWeen tWo of the dummy con 

ductive elements Which have a voltage loWer than the 
high voltage conductor, the high voltage conductor sepa 
rated by an insulation region from each of the tWo 
dummy conductive elements to provide a ?rst de-cou 
pling capacitance; and 

a loW voltage conductor betWeen another tWo of the 
dummy conductive elements having a voltage higher 
than the loW voltage conductor and separated by a fur 
ther insulation region from each of the other tWo dummy 
conductive elements to provide a second de-coupling 
capacitance, 

Wherein the dummy conductive elements are substantially 
parallel among themselves, the dummy conductive ele 
ments being located outside of an area occupied by the 
circuit modules, so that none of the dummy conductive 
elements overlie or underlie any of the circuit modules 
having active nodes. 

2. The de-coupling module of claim 1 Wherein the high 
voltage conductor, the loW voltage conductor, and the dummy 
conductive elements are formed on the same metal layer of 
the integrated circuit. 

3. The de-coupling module of claim 1 Wherein the high 
voltage conductor, the loW voltage conductor, and the dummy 
conductive elements are formed on tWo or more different 

metal layers of the integrated circuit. 
4. The de-coupling module of claim 1 Wherein one of the 

dummy conductive elements is connected to a voltage differ 
ent from that of either the high or loW voltage conductor that 
is immediately adjacent to it for providing a de-coupling 
capacitance. 

5. The de-coupling module of claim 1 Wherein the dummy 
conductive elements are located in an area unoccupied by any 
of the active nodes. 

6. The de-coupling module of claim 1, Wherein the dummy 
conductive elements include three elongated elements paral 
lel and adjacent to three respective sides of at least one of the 
circuit modules. 

7. The de-coupling module of claim 1 Wherein the dummy 
conductive elements include tWo elongated elements con 
nected to each other and parallel and adjacent to tWo respec 
tive adjacent sides of at least one of the circuit modules. 

8. The de-coupling module of claim 1 Wherein the dummy 
conductive elements include tWo elongated dummy conduc 
tive elements parallel and adjacent to the same high voltage 
conductor or loW voltage conductor, on opposite sides 
thereof. 

9. The de-coupling module of claim 1 Wherein the dummy 
conductive element includes: 

?rst and second elongated dummy conductive elements 
parallel and adjacent to the same high voltage conductor, 
on opposite sides thereof; and 

third and fourth elongated dummy conductive elements 
parallel and adjacent to the same loW voltage conductor, 
on opposite sides thereof. 

10. The de-coupling module of claim 9 Wherein the ?rst 
and second elongated dummy conductive elements and the 
high voltage conductor therebetWeen are located on a ?rst 
side of at least one of the circuit modules, and the third and 
fourth elongated dummy conductive elements and the loW 
voltage conductor therebetWeen are located on a second side 
of the at least one circuit module, the second side being 
opposite the ?rst side. 
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11. The de-coupling module of claim 10 wherein the ?rst, 
second, third and fourth dummy conductive elements are 
formed on the same metal layer. 

12. The de-coupling module of claim 1 Wherein the high 
voltage conductor, the loW voltage conductor, and the dummy 
conductive elements are formed on the same metal layer as a 
layer of one of the circuit modules. 

13. A de-coupling capacitor module in an integrated circuit 
comprising: 

a plurality of circuit modules having one or more active 

nodes; 
one or more dummy conductive elements unconnected to 

any active node; and 
one or more high voltage conductor or a loW voltage con 

ductor separated by an insulation region from at least 
one of the dummy conductive elements to provide a 
de-coupling capacitance, 

Wherein the dummy conductive elements are substantially 
parallel among themselves and located in an area unoc 
cupied by any of the circuit modules, the dummy con 
ductive elements being located outside of an area occu 
pied by the circuit modules, so that none of the dummy 
conductive elements overlie or underlie any of the circuit 
modules having active nodes; 

Wherein the one or more dummy conductive elements 
include tWo elongated dummy conductive elements par 
allel and adjacent to the same high voltage conductor or 
loW voltage conductor, on opposite sides thereof; 

Wherein the tWo elongated dummy conductive elements 
and the high voltage conductor or loW voltage conductor 
are formed on the same metal layer of the integrated 
circuit. 

14. A de-coupling capacitor module in an integrated circuit 
comprising: 

a plurality of circuit modules having one or more active 

nodes; 
a plurality of dummy conductive elements unconnected to 

any active node; and 
one or more high voltage conductor or a loW voltage con 

ductor separated by an insulation region from at least 
one of the dummy conductive elements to provide a 
de-coupling capacitance, 
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Wherein the dummy conductive elements are substantially 

parallel among themselves and located in an area unoc 
cupied by any of the circuit modules, so that none of the 
dummy conductive elements overlie or underlie any of 
the circuit modules having active nodes, and 

the high voltage conductor, loW voltage conductor and 
dummy conductive elements are arranged in a set such 
that a voltage of each successive member of the set 
alternates betWeen a high voltage and a loW voltage. 

15. The de-coupling module of claim 14 Wherein the high 
voltage conductor, the loW voltage conductor, the dummy 
conductive elements and the circuit module are formed on the 
same metal layer of the integrated circuit. 

16. The de-coupling module of claim 14, Wherein the 
dummy conductive elements include three elongated ele 
ments parallel and adjacent to three respective sides of the at 
least one circuit module. 

17. The de-coupling module of claim 14 Wherein the 
dummy conductive elements include tWo elongated elements 
connected to each other and parallel and adjacent to tWo 
respective adjacent sides of the at least one circuit module. 

18. The de-coupling module of claim 14 Wherein the 
dummy conductive elements include tWo elongated dummy 
conductive elements parallel and adjacent to the same high 
voltage conductor or loW voltage conductor, on opposite sides 
thereof. 

19. The de-coupling module of claim 18 
Wherein the tWo elongated dummy conductive elements 

and the high voltage conductor or loW voltage conductor 
are formed on the same metal layer of the integrated 
circuit. 

20. The de-coupling module of claim 14 Wherein the 
dummy conductive element includes: 

?rst and second elongated dummy conductive elements 
parallel and adjacent to the same high voltage conductor, 
on opposite sides thereof; and 

third and fourth elongated dummy conductive elements 
parallel and adjacent to the same loW voltage conductor, 
on opposite sides thereof. 


